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Chapter 1 
INTRODUCTION 
STATEMENT OF THE PROBLEM AND HYPOTHESES 
This study was conducted to ascertain the relative effectiveness 
of the traditional and the model method of teaching beginning architec­
tural drafting. The research compared the use of the chalkboard with 
the use of models and attempted to ascertain the relative effectiveness 
of each on achievement and retention. 
In order to investigate the problem, the following null 
hypotheses were assumed. 
1. There is no significant difference in achievement at the . 05 
level in beginning architectural drafting between those students taught 
by the traditional method and those taught by the model method. 
2. There is no significant difference in retention st the .OS 
level in beginning architectural drafting between those students taught 
by the traditional method and. those taught by the model method. 
PURPOSE OF THE STUDY 
The purpose of this study was to ascertain whether the teaching 
of architectural drafting could be improved by replacing the use of the 
chalkboard with the use of models. It was designed to compare the 
effect of models and the effect of the chalkboard on achievement and 
retention of both information and principles. 
1 
DEFINITIONS OF TERMS 
The following definitions apply to this study. 
Traditional method is a method of teaching based on the use of 
the text and the lecture-discussion with the chalkboard used as the 
visual ::iid. 
Model method is a method of teaching based on the use of the 
text and the lecture-discussion with models and mock-ups used as the 
visual aids. 
Basic architectural drafting is a one semester course in archi-
tectural drafting as taught at J. S. Morton High School West, Berwyn, 
Illinois. The course is intended to impart to the student, through the 
media of drafting, the many aspects of the building trades industry. 
Instruction emphasizes the work of the architect and the architectural 
draftsman, the builder, the contractor, and the carpenter.1 
Achievement is the information and principles acquired during 
the instructional period as measured by the change in scores on the 
pretest and the first of two posttests. 
Retention is the degree to which students are able to remember 
information Rnd principles ss measured by the change in scores on the 
first posttest and the second posttest. 
Significance. For the purpose of this study, the acceptance of 
a null hypothesis requires that the average difference not be signif-
icant at the .OS level, meaning that the difference could have occurred 
5 percent of the time or less by chance. 
111Architectural Drafting I Syllabus" (Berwyn, Illinois: J. S. 
Morton High School West, 1968) , p. 2. (Mimeographed. ) 
2 
3 
Visual aid refers to "any specific::illy prepared drawing, illus­
tration, model, motion picture, filmstrip, or other device that will 
expedite learning through the sense of vision.112 
Audiovisual aids are teaching devices utilized for communication 
in instruction. The term is not restricted to aids using the faculties 
of both hefiring and sight. 
Models �re recognizable three-dimensional reproductions of 
actual objects.3 
A mock-up is an imitation of the �ctual object, although not 
4 necessarily similar in appearance. 
An object is the actual item.5 
LIMITATIONS OF THE STUDY 
The study was limited to sophomore, junior, and senior boys 
enrolled in two classes of Architectural Drafting I at J. S. Morton High 
School West, Berwyn, Illinois, during the first semester of the 1970-
1971 school year. The material consisted of three units taken fron the 
course syllabus, each from three to six class periods in length. The 
topics covered foundations, framing principles and types, and floor 
fr8ming. The research was limited to the extent that the Otis-Lennon 
MentRi Abilities Test scores used to equate the two groups were reliable 
2Gilbert G. 'Ile aver and Elroy �rl. Bollinger, Visual Aids (New 
York: D. Van Nostrand Co., 1949), p. 1. 
3 
Walter Arno Wittich and Charles Francis Schuller, Audiovisual 
�erials (4th ed.; New York: Harper and Row, 1967), p. 213. 
4w1 ttich and Schuller, p. 221. 
5wittich and Schuller, p. 218. 
4 
and valid. The same limitations existed for the test usea to measure 
achievement and retention. 
IMPORTANCE OF TIIE STUDY 
·l'ihile learning can take place through the use of books, 
lectures, or words and symbols, these are all somewhat abstract. 
�lthough the student may be familiar with a certain word, he mey have an 
6 
incorrect concept of the concrete thing represented by the word. 
The effectiveness of using nonverbal, in addition to verbal, 
methods of communication in the cl8ssroom is illustr�ted by � study by 
Gardner in which he concluded that the addition of visual 8ids to 
lectures significantly improved performance in photography.7 
The need for incorporating realism into classroom activities for 
the purpose of combating verbalism is often met by the use of various 
audiovisual aids. The use of firsthand experience, such as going on a 
field trip or bringing an object into the cl�ssroom, is often helpful. 
111is may not be feasible or desirable due to the size of the object or 
its complexity. Little can be learned of a large and complex piece of 
equipment by looking at the exterior. 111e model or mock-up brings a 
close resemblance of the object into the cl�ssroon, often allowing 
viewing of the interior, reduction to essentials, and showing of 
relationships.8 
6 
Wittich and Schuller, p. 44. 
7Charles H .  Gardner, "An Experimental Comparison of the Effects 
of Three Methods of Presentation upon the Verbal and Performance 
Responses of College Students in Beginning Photography" (unpublished 
Doctor's dissertation, Indiana University, 1963), p. ix. 
8
Wittich and Schuller, pp. 171-78. 
5 
The importance placed upon models and other visual aids does not 
seem to have been paralleled by research into their use and effec-
tiveness. Most of the research done in the last several years has been 
on the newer areas of audiovisual instruction such as movies, 
recordings, and closed circuit television. According to Brown, the 
chalkboard is one of the most widely utilized aids in the classroom.9 
This widespread usage of the chalkboard has not been accompanied by much 
research into its use. Even the United States Armed Forces appear to 
have done little research recently on the models and mock-ups which they 
have used so extensively. 
Two studies did involve models. In a study comparing the effec-
tiveness of a combination of visual slides and assembly models with that 
of conventional methods, Crowder found the experimental method to be 
considerably better for initial learning and retention in both high and 
low intelligence groups.10 A Study by Macri found the use of a model 
called 8n Atomic Orbital Board superior to the use of the chalkboard in 
teaching atomic structure.11 The present investigation has provided 
additional information regarding the value of models in the classroom 
versus that of the more traditional methods used by many teachers. 
9James W. Brown, Richard B. Lewis, and Fred F. Harcleroad, A-V 
Instruction: Materials and Methods (2d ed.; New York: McGraw-Hill Book 
co., 1964), p. 284. 
10 Gene Arnold Crowder, "Visual Slides and Assembly Models 
Compared with Conventional Methods in Teaching Industrial Arts" 
(Unpublished Doctor's dissertation, Texas A & M University, 1968). 
11 Alfred R. Macri, "A Comparison of the Effectiveness of Two 
Teaching Methods on the Competence of College Students to Understand 
Atomic Structures in a One-Semester Course in General Physical Science" 
(Unpublished Doctor's dissertation, New York University, 1963). 
Chapter 2 
REVIEW OF LITERATURE 
A review of research and literature indicated that there h8d 
been little recent research on the effectiveness of models when compared 
to that of the chalkboard. Research into the individual use of these 
two visual aids was also meager. The United States Air Force and other 
military brAnches were responsible for much of the research in the use 
of models and mock-ups, but most of their information was found to be 
quite ola. Most of the books consulted failed to cite research to 
substantiate claims made for models and other visual aids. 'Ibis seemed 
to indicate a general lack of research on the topics, especially recent 
research. The majority of the recent research in teaching aids dealt 
with the newer areas of audiovisual aids, such as television, films, and 
recordings. 
One of the major problems that can be dealt with in the class-
room through the use of visual aids is that of verbalism, which refers 
to the "use of words with out knowing their true meiming or without 
having 8. perceptual basis for understanding.111 Being able to see or 
experience something often has a tremendous advantage over heAring or 
reading about the same thing. A student lacking perceptual experiences 
will have considerable difficulty in understanding concepts built upon 
1 James W. Brawn, Richard B. Lewis, and Fred F. Harcleroad, A-V 
Instruction: Materials and Methods (2d ed.; New York: McGraw-Hill Book 
Co., 1964), p. 11. 
6 
such experiences. The excessive reliance upon the verbal instead of the 
visual causes difficulties in understanding, thinking, and attitude 
formation. 2 
The importance of increasing the amount of visual material 
presented in the classroom is illustrated by a study in which Gardner 
experimented with three methods of teaching a beginning college course 
in photography. The three methods used were recorded lecture, sound 
motion picture, and slide-lecture. There was no significant difference 
between the groups on the basis of verbal posttests. Both the film 
group and the slide group surpassed the lecture group in performance 
although only the film group did so significantly. On the basis of 
his findings, Gardner concluded that supplementing verbal communication 
with nonverbal stimuli will significantly enhance performance 
responses.3 
According to Kinder, audiovisual materials aid in the acqui-
sition of concrete experience needed for the understanding of abstract 
7 
ideas in the fallen.ring ways: (1) they overcome the handicaps of limited 
personal experiences of pupils, (2) they overcome the restrictions of 
the classroom, (3) they provide the pupils with a direct contact with 
their social and physical environment, (4) they provide uniformity of 
perceptual experiences, (5) they aid in giving accurate concepts, (6) 
they provide motivation and stimulate interest, and (7) they provide for 
2walter Arno Wittich and Charles Francis Schuller, Audiovisual 
Materials (4th ed.; New York: Harper and Rmr, 1967), pp. 41-49. 
3charles H. Gardner, "An Experimental Comparison of the Effects 
of Three Methods of Presentation upon the Verbal and Performance 
Responses of College Students in Beginning Photography" (unpublished 
Doctor's dissertation, Indiana University, 1963). 
different levels of learning.4 
Titree studies were concerned with the chalkboard, models, or 
both. Crowder compared the use of visual slides and an individual 
assembly model with the use of conventional methods. The study involved 
280 high school general shop students. Statistical analysis showed the 
visual slides and assembly model method to be superior for initial 
learning and retention at both high and low intelligence levels. 
Students in the low intelligence experimental group did as well as 
students in the high intelligence conventional group.5 
A study by Wilkes involving 140 engineering drawing students 
compared the use of film slides and the chalkboard. The film slide 
group did significantly better in informational achievement, visuali-
zation, quantity of work completed, attitude towards the course, and 
8 
time required for presentation. The quality of work was about equal for 
both groups. 6 
Macri compared two methods of teaching atomic structure. One 
method used the chalkboard while the other used a model called an Atomic 
Orbital Board. About 250 subjects were divided into eight groups, four 
groups being taught by each method. Subjects were tested for increased 
understanding of atomic structure, formation of related concepts, and 
ability to solve related problems. The analysis of covariance indicated 
4James S. Kinder, Audio-Visual Materials and Techniques {2d ed.; 
New York: American Book Co., 1959), pp. 42-45. 
5Gene Arnold Crowder, "Visual Slides and Assembly Models 
Compared with Conventional Methods in Teaching Industrial Arts" 
(unpublished Doctor's dissertation, TexRs A & M University, 1968). 
6Doran F. Wilkes, "A Comparison of Two Approaches to the 
Teaching of Engineering Drawing: Film Slides Versus the Conventional 
Approach" (unpublished Doctor's dissertation, University of Missouri, 
1966). 
three of the groups using the Atomic Orbital Board did significantly 
better at the 1 percent level. The fourth group did significantly 
7 better at the 5 percent level. 
A major advantage of models, mock-ups, and three-dimensional 
g 
aids in general over the chalkboard and other two-dimensional aids is 
that the three-dimensional aids have not only height and width, but also 
thickness or depth. Although charts, pictures, chalkboards, and other 
aids with two dimensions may be adequate where depth is not important, 
the realism provided by the third dimension gives models a distinct 
advantage over many types of visual aids.8 
According to Weaver and Bollinger, models also aid the teacher 
in that they: (1) draw the interest of the student and maintain his 
attention, (2) help the student remember both the information and the 
visual image, (3) aid in constructing the proper image, and (4) help in 
9 explaining relationships of parts. 
Wittich and Schuller gave several characteristics of effective 
models to aid in selecting the most appropriate models for classroom 
use. Six of these characteristics are: (1) effective models are three-
dimensional, (2) they alter the size of an object to make observation 
convenient, (3) they reveal interior details, (4) they eliminate minor 
details so that the basics can easily be seen, (5) they accentuate 
7 AJf'red R. Macri, "A Comparison of the Effectiveness of Two 
Teaching Methods on the Competence of College Students to Understand 
Atomic Structures in a One-Semester Course in General Physical Science" 
(unpublished Doctor's dissertation, New York University, 1963). 
8 Wittich and Schuller, p. 174. 
9Gilbert G. Weaver and Elroy W. Bollinger, Visual Aids (New 
York: D. Van Nostrand Co., 1949), pp. 5-8. 
important aspects with color and texture, and (6) they can be taken 
apart and reassembled. 10 
A good model may be ineffective if it is employed improperly . 
Several principles for the correct use of models are: (1) be certain 
that everyone can see the models, (2) use models with other materials, 
(3) do not confuse the student as to the size of the object which the 
model is representing, (4) indicate specific parts to be observed, (5) 
10 
review or repeat points if necessary, (6) let the student handle the 
models, thereby increasing his sensory experiences, (7) keep models and 
other aids that are not being used out of sight in order to prevent them 
from distracting the student. 11 
Additional prB.ctices suggested by Erickson in regard to the use 
of models are: ( 1 )  rectify misconceptions due to inconsistent color, 
scale, and shape, (2) have students predict results or effects, (3) 
remember that the instructor's right side may be the students' left 
side, (4) be certain the students understand differences between the 
model and the actual object, and (5) encourage inquiry by students.12 
Erickson also gave several principles for the effective use of 
the chalkboard. SeverBl of these guidelines are: (1) experiment 
beforehand to establish what difficulties students will have in seeing 
work on the board, (2) use templates for commonly drawn figures, (3) 
use colored chalk, (4) uncover sections of drawings just before use, (5) 
use a pointer if necessary to keep from blocking the students' view of 
10w1ttich and Schuller, pp. 173-77. 
11wittich and Schuller, pp. 186-90. 
12carlton W. H. Erickson, Fundamentals of Teaching with 
Audiovisual Technology (New York: MacMillan Co. ,  1965), pp. 233-35. 
the board, and (6) do not make the class wait unnecessarily while 
complicated work is drawn on the board. 13 
Research to substantiate opinions held by authorities on the use, 
of models and other visual aids has been sparse . This study has 
attempted to at least determine the relative instructional value of the 
model and the chalkboard in the classroom . 
13 i Er ckson, pp . 236-38. 
11 
Chapter 3 
DESIGN OF THE EXPERIMENT 
THE TWO METHODS 
The independent variable in the experiment was the major visual 
aid used in the classroom. Both methods used the lecture-discussion, 
the textbook, movies, and the chalkboard for demonstrating numerical 
problem solution. Both classes had the same reading assignments and 
were taught from the same course outline and lecture notes and by the 
same instructor for an equal amount of time. 
The two methods differed in the principal type of visual aid 
used. The traditional method used the chalkboard as its major visual 
aid while the model method used models as its major type of visual aid. 
DESIGN AND USE OF INSTRUCTIONAL AIDS 
Models and mock-ups were primarily designed and employed 
according to guidelines given by Wittich and Schuller.1 Colors were 
used to represent certain materials, such as grey for concrete and 
orange for steel. In many cases a segment of a more complete small 
scale model was shown by a large scale model.2 
1Walter Arno Wittich and Charles Francis Schuller, Audiovisual 
Materials (4th ed.; New York: Harper and Row, 1967), pp. 173-77, 181-
82, 185-90. 
2 See Appendix F for a description of the models used in the 
experiment. 
12 
Use of the chalkboard was largely governed by rules given by 
Erickson.3 Most drawings to be put on the chalkboard were sketched 
along side the lecture notes for the unit. 
COMPOSITION OF GROUPS 
All students were sophomore, junior, or senior boys at J .  S. 
Morton High School West, Berwyn, Illinois. All had previously received 
approximately four weeks of architectural drafti.ng as part of a prereq-
uisite general drafting course. Students were placed in the two 
sections of Architectural Drafting I by the registration office . The 
chalkboard group consisted of twenty-three students and the model group 
consisted of nineteen students .  Each group originally contained one 
additional student.  A member of the model group was eliminated from the 
13 
study near the middle of the experiment due to his retention in a county 
home for boys and the resulting extended period of absence. A member of 
the chalkboard group was removed from the study when it became impos-
sible to give him the final section of the second posttest due to an 
extended period of truancy with no indication of when he would return. 
'!be composite index employed by the J. S .  Morton High Schools in 
classification of students for the purpose of ability grouping is an 
average of academic aptitude and achievement. The mean composite 
indexes of the two groups were 110.1 for the chalkboard group and 109 . 6  
4 for the model group. '!be two groups were considered equal for the 
3carl ton W. H. Erickson, Fundamentals of Teaching with 
Audiovisual Technology (New York: MacMillan Co., 1965), pp. 236-38. 
4see Appendix D for the composite index of each student in the 
experiment. 
purpose of this stuny. The achievement ::intl retention of the two groups 
could. not have been compared unless the groups we re simih1r, �ince 8 
given increase might be more difficult for one intelligence level to 
achieve than for another. 
DESIGN AND VALIDATION OF INSTRUMENT 
The test used in measuring achievement Rnd retention was 
designed in accordance with guidelines given by both Stanle y5 Rnd 
Downie.6 3al8nce between emphasis on different topics in the presen-
tation �nd the number of test items pertaining to that area was achieved 
by matching each section of the course outline to one or more test 
items.7 
The multiple-choice type of test was chosen because it is 
gener�lly regarded as the most effective type of objective test.8 The 
four-option type of multiple-choice test, with one best answer ::ind three 
pl?-usible distractors, was chosen because the number of options 
counterRcted the effect of guessing while eliminating the difficulty of 
designing cdditional plau�ible distrRctors. 
Valid2tion of the testing instrument used in this research was 
achieved by submitting the test to a five-member jury and the graduate 
SJulian C. Stanley, Measurement in Todcy's Schools {4th ea.; 
Englewood Cliffs, New Jersey: Prentice-Hall, 1964). 
6N. M. Downie, Fundamentals of Measurement: Techniques and 
Practices (2d ed.; Toronto: drl'ord university Press, 1967). 
7see Appennix C for information concerning the section of the 
outline to which each test item pertains. 
8 William J. Micheels and M. Ray Karnes, Measuring Educational 
Achievement (New York: McGraw-Hill Book Co., 1950), pp. 174-75. -�� 
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advisor for study and comments.9 The comments and suggestions received 
were then utilizea in revising the test before its administration. 
The test W8S reproduced by the ditto method. A separate dittoed 
8.nswer sheet was used and pencils we re provide a to faci11 tate changing 
of 8nswers by the students. The stutlents were given as much time as 
needed to complete the test.10 
The pretest was designed with test items matching the instruc-
tional units in the following order: 
Instructional Unit 
l. Found8tions 
2. Framing principles and types 
3. Floor framing 
Test Items 
1-16 
17-27 
28-45 
The test items were then divided into three subtests on the basis of 
15 
which instructional unit the item represented. The sum of the scores on 
the three subtests constituted the score for the particular posttest. 
METHOD OF COLLECTING EXPERIMENTAL DA TA 
� four-option multiple-choice test containing forty-five items 
was given as a pretest on the first d2.y of the experiment. Immediately 
after each unit had been presented, the section of the test dealing with 
that unit w2s readministered as part of a posttest to measure 
achievement. Two weeks after the first posttest on the unit, that 
section of the test was again given as a test of retention. The second 
p�sttest was given two weeks after the first posttest in order that the 
9 See Appendix A for information on the membership of the jury 
and the material presented to them for evaluation and comments. 
10 
See Appendix B for the test and answer sheets used in 
evaluating achievement and retention. 
study would not interfere with normal classroom procedures any longer 
than absolutely necessary and yet not take place too soon after 
the test for achievement. 
Both posttests were given in three parts and then considered as 
one test for the purpose of statistical analysis. The test was divided 
into three parts in order that the presentation of material could be 
followed more closely by testing. If the entire test had been given at 
one time, the period from the presentation of the first of the material 
to the administration of the first posttest would have been three weeks 
while the period from the presentation of the last of the material to 
the administration of the second posttest would have been two weeks. It 
did not appear desirable to test for retention on some material sooner 
than for achievement on other material. 
In order to prevent one test from affecting the other, only the 
scores earned on tests were made known to the student. 
STATISTICAL TREATMENT OF EXPERIMENTAL DATA 
Analysis of Variance 
16 
To make an adequate and reliable comparison of the two methods 
of teaching beginning architectural drafting, the statistical procedure 
of analysis of variance was selected for the treatment of the experi­
mental data. This technique was designed to provide an efficient test 
of the significance of the differences between two or more groups simul­
taneously. This statistical procedure best utilized the available data 
in testing the experimental hypotheses. Since there were two groups, 
the t distribution was used to test the significance at the .OS level. 
The .OS level was chos�n in order that extreme difficulty would not be 
encountered in obtaining significant differences while not allowing 
chance differences to be mistaken for significant differences. 
In testing the experimental hypotheses proposed in this study, 
the analysis of vari2nce provided a test for the following questions. 
1. Was the mean difference in outcome between the two groups on 
the pretest and the first posttest l?rge enough to be significant in 
measuring achievement? 
2. Was the mean difference in outcome between the two groups on 
the two posttests large enough to be significant in measuring retention? 
17 
There were two experimental groups, one of which was subjected 
to the model method and the other to the chalkboard method. Both groups 
were measured prior to instruction by a pretest, and immediately 
following instruction by the first posttest as described earlier. Four 
means were considered, one for each of the two tests in each of the two 
groups. By using a combination of subscripts, 1 and 2 for pretest and 
first posttest, and E and C to represent respectively the model method 
and the chei.lkboard method groups, the means we re specified as MEl, ME2, 
Mei• and Mcz• Those possible differences which were applicable were set 
forth as: 
DE = ME2 - MEl' the change shown by the model method group, 
De = MC2 MCl I the change shown by the chalkboard method group, 
D1 = �1 MCl' the pretest difference between the groups, and 
D2 = �2 - MC2' the posttest difference between the groups. 
It might be thought that if DE was significant while DC was either less 
or not at all significant, as measured by the mean scores on the two 
tests, an effect would have been demonstrated. This type of comparison 
would not have provided a check on the net change. It could be assumed 
that if n2 was significant while n1 was not. the intervening experiment 
had had a� effect. This comparison also would have failed to test the 
net change. The �ignificance of the difference between the two changes 
or D = Dr: - De was tested in order to properly gauge the net shift.11 
For the small sample sit11ation, t = D/sDn, where sDn is the best 
possible estimate of the standard error of the difference. The best 
possible estimates of the variances of the two groups are needed to 
compute standard error. An assumption underlying t for this situation 
is that the two groups have the same variance, s2D. 
where 
D M% - Mne 
t = = (1) snn 2 2 s D s D + -
NE Ne 
M
� 
= the mean of the differences between the pretest and the 
first posttest scores in the model method group, 
MDe 
= the mean of the differences between the pretest and the 
first posttest scores in the chalkboard method group. 
NE 
= the number of subjects in the model method group, and 
Ne = the number of subjects in the chalkboard method group. 
An estim?..te of the variance common to the two groups, s2D' was obtained 
by computing the sum of the squares separately for the two groups, then 
combining these sums, and dividing by the proper number of degrees of 
freedom, or 
11 Quinn McNemar. Psychological Statistics (3d ed.; New York: 
John Wiley and Sons, 1962), pp. 86-87. 
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2 s D = 
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(2) 
where De = XE? - XEl 'lnd De = Icz - Xc1. for all students in each group 
with X as the test score denoted br the subscripts. Since the mean of 
the differences is equal to the difference between the means, in 
equations (1) and (2), MnE = ME2 - MEl =DE, and Mnc = Mc2 - Mel = Dc.
12 
By this method the value of the t ratio was determined with 
which to test the significance of the difference between the changes 
shown by the two groups on the pretest and the first posttest. 
The above procedure was also used to determine the significance 
of the difference between the changes shown by the two groups on the 
first and second posttests. 
Item Discrimination 
The testing instrument was subjected to an item discrimination 
analysis for two reasons. Such an analysis was required by one of the 
two methods used in determining the reliability of the test. It was 
also used to reveal test items of low discriminating ability and ones of 
extremely high or low difficulty. Scores on the first posttest were 
used in the item discrimination analysis. 
According to the method described by Stanley, the discrimination 
of test items was determined by examining the answers of the top 27 
percent (the n best papers) and the bottom 27 percent (the n poorest 
papers). Each item had its associated values of: 
w1 = the number of persons in the low group who answered the 
12 McNemar, pp. 102-5. 
test item incorrectly, and 
WH = the number of persons in the high group who answered the 
test item 1ncorrectly. 13 
The larger Wt - WH was, the more discriminating power the item 
had. The larger WL + WH was, the more difficult the item was for the 
group tested. WL + WH was multiplied by a constant, (100w)/ 2n(w - 1) , 
to obtain an estimate of difficulty of the item, corrected for chance, 
where w was the number of options for each item. This approximated the 
percentage of the students who did not "know" the correct answer.14 
Coefficient of Reliability 
The reliability of a test is the consistency with which the test 
measures whatever it is supposed to measure.
15 Since only one form of 
the testing instrument was designed for the study and the time allotted 
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made it impractical to give the test to other groups, the coefficient of 
reliability of the test was determined by using the scores made on the 
first posttest taken by the students in the experiment. 
A split-half reliability coefficient, using the Spearman-Brown 
modified formula as discussed by Wert, was co�puted for the first post-
test. The test was divided into two subtests, a subtest of the odd-
numbered items and one of the even-numbered items. The Pearson product-
moment coefficient of correlation between the two subtests was obtained 
by solving the formula, 
13stanley, p. 342. 
14stanley, p. 343. 
15 James E. Wert, Charles O.Neidt, and J. Stanley Ahmann, 
Statistical Methods (New York: Appleton-Century-Crofts, 1954), p. 328. 
where 
= 
rr/ = the coefficient of correlation between odd and even items, 
L ry = the sum of the products of the paired scores in deviation 
form, 
N = the number of students, 
sx = the standard deviation in the odd-item subtest, and 
s1 = the standard deviation in the even-item subtest. 
The coefficient of correlation between the scores on the odd-item 
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subtest and the even-item subtest yielded the coefficient of reliability 
of a test of one-half the length of the original test. The Spearman-
Brown modified formula provided an estimate of the coefficient of 
reliability, r, of the test based upon the coefficient of correlation 
between the odd and even items, or 
r = 
1 + rry 
16 
The Kuder-Richardson Formula 20 (KR20) reliability coefficient 
was obtained from the high and low group figures mentioned in the 
section on item discrimination with k being the number of items on the 
test. This formula, 
k = 
k - 1 
16 
Wert, Neidt, and Ahmann, pp. 78-81, 332-34. 
yields KR20 coefficients which tend to be a little smaller than split­
half ones, but the discrepancy is usually of no practical consequence.17 
17stanley, pp. 358-59. 
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Chapter 4 
PRESENTATION AND TREATMENT OF TIIE EXPERIMENTAL DATA 
ANALYSIS OF VARIANCE 
In order to make an adequate and reliable comparison of the two 
methods of teaching beginning architectural dra£ting, the statistical 
procedure of analysis of variance was selected for the treatment of the 
experimental data. An analysis of variance was used in testing the 
following hypotheses. The experimental hypotheses were tested at the 
.OS level of significance. The selection of the .OS level is discussed 
in Chapter 3 of this paper. For either hypothesis to have been signi-
ficant at the .OS level, the t ratio would have had to have been greater 
than 1 .  684. 1 
Test of Hypothesis 1 
Hypothesis 1: There is no significant difference in achievement 
at the .OS level in beginning architectural drafting between those 
students taught by the traditinnal method and those taught by the model 
method. 
An analysis of variance was used in comparing the changes in test 
scores from the pretest to the initial posttest shown by the chalkboard 
group and by the model group. The t distribution was used to test the 
1 
George A .  Ferguson, Statistical Analysis in Psychology and 
Education (2d ed.; New York: MCGraw-H111 Book Co.,) p .  406 .  
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significance of the difference between the changes of these two groups. 
Tile mean scores of the chalkboard group were 18.57 on the pretest and 
27.13 on the initial posttest. Tile mean scores of the model group were 
18.58 on the pretest and 25.95 on the initial posttest. The difference 
of the mean pretest scores for the two groups was .01. Tile increase in 
the mean score from the pretest to the initial posttest would indicate 
that learning did take place. Tile mean of the change in scores from the 
pretest to the initial posttest was found to be 8.56 for the chalkboard 
group and 7.37 for the model group. Tile difference of these two means 
was found to have a t ratio of .86. Tilis difference is not significant 
at the .05 level of signi:ficance. Table 1 shows the mean score of each 
group on the pretest and on the initial posttest and the mean change in 
score from the pretest to the first posttest for each group.2 
Group 
Chalkboard 
Model 
Table 1 
Mean Scores and Change of Each Group on 
Pretest and Initial Posttest 
Mean Score on 
Pretest 
18.57 
18.58 
Mean Score on 
Initial Posttest 
27.13 
25.95 
Mean 
Change 
8.56 
7.37 
On the basis of the analysis of variance the null hypothesis 
is accepted. 
2Refer to Tables 6 and 7 in Appendix D for the scores of 
individual students on all tests. 
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Test of Hypothesis 2 
Hypothesis 2: There is no significant difference in retention 
at the .OS level in beginning architecturAl dr8fting between those 
students taught by the traditional method and those taught by the model 
method. 
An analysis of variance was used in comparing the changes in 
test scores from the first posttest to the second posttest shown by the 
chalkboard group and by the model group. The t distribution was used to 
test the significance of the difference between the changes of these two 
groups. The mean scores of the c:balkboard group were 27 . 13 on the first 
posttest and ?8 . 17 on the �econd posttest. The mean scores of the model 
group were 25.95 on the first posttest and 27 . 16 on the second posttest. 
The mean of the change in scores from the first posttest to the second 
postte�t was found to be 1 .04 for the chalkbo�rd group and 1 . 21 for the 
model group. The difference of these two means was fo und to hAve a t 
rstio of . 19 .  'Ille difference is not significRnt Rt the .OS level of 
signific�nce. Table 2 sh�s the mean score of e�ch group on the fir�t 
posttest and on the second posttest and the mean change in score from 
the first posttest to the second posttest for each group. 
Group 
Chalkboa rr1 
Model 
Table 2 
Mean Scores and Change of Each Group on 
First Posttest and Second Posttest 
'Mean Score on 
First Posttest 
27 . 13 
25.95 
Mean Score on 
Second Posttest 
28 . 17 
2 7 . 1 6  
Mei:m 
Change 
1 . 04 
l . �1. 
On the basis of the analysis of variance th e  null hypothesis 
is accepted. 
Summary 
An analysis of variance indic?.ted that the null hypotheses in 
this study should be accepted. Both hypotheses were tested at the .05 
level of significance . Neither hypothesis was shown to be significant 
at the .OS leve l. Titis would indicate that the chalkboard method and 
the model method are equally effective methods of producing achievement 
and retention in beginning architectural drafting. 
ITEM DISCRIMINATION 
In order to ascertain the value of the test items used in the 
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testing instrument for this study an item discrimination analysis was 
applied to the test. It provided information as to the discriminatory 
power of the items as well as to their difficulty. Tite test was 
submitted to a jury for constructive comments and criticism. Some 
seemingly adequate items turned out to be poor discriminators or to have 
too high or low a level of difficulty. Tite item discrimination analysis 
isolated such items . 
The relative discrimination of an item was determined by 
subtracting WH, the number of times it was missed by the top twelve 
students (the top 27 percent) , from w1, the number of times it was 
missed by the bottom twelve students (the bottom 27 percent) . The 
ideally discriminating item would have been answered incorrectly by all 
students in the low group and correctly by all students in the high 
group, yielding a discrimination level of 12.00 . Tite discriminatory 
values of the fo rty-five test items range from - 3 . 00, meaning that three 
more students in the high group missed the item than in the low group, 
to 9.00.  '!be mean discriminatory value of the test items was 3.04. The 
median discriminatory value was 3.00. '!be mode was 2.00. 'Ibree of the 
items shOW'ed a negative discrimination. One item had a discriminatory 
value of O .OO. Twenty-two items had a discriminatory value of from 1 .00 
to 3.00. Fifteen items had a discriminatory value of from 4.00 to 6 .00. 
Four items had a discriminatory value of 7 .00 or above . Table 3 gives 
the number of test items at each level of discrimination. 
According to a table given by Stanley, the level of discrim-
ination for an item on a four-option test administered to forty-two 
subjects must be equal to or greater than 5.00 for an item to be 
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considered sufficiently discriminating. He further states that with a 
small number of students, such as in this study, the correct answers 
obtained by students in the low group by guessing will make it very 
difficult for an item to be considered sufficiently discriminating. 
'Ibis will result in a considerable number of items being incorrectly 
labeled nondiscriminating. 3 Comparisons of the mean discrimination 
level of 3.04 with the minimum discriminRtion level of 5.00 given by the 
table must be made in accordance with the reservations proffered by 
Stanley for the use of the table with a small group . 
'!be difficulty of an item was ascertained by adding WL' the 
number of students in the bottom twelve who missed the item, to WH, the 
number in the top twelve who missed the item. The difficulty of the 
test items ranged from 0 .00 to 21 .00 with 9 .53 as the mean difficulty of 
the items . The median level of difficulty was 10 .00.  11\e mode of the 
3Julian C .  Stanley, Measurement in Today's  Schools (4th ed. ;  
Englewood Cliffs, New Jersey: Prentice-Hall, 1964), pp. 353-56. 
Table 3 
Number of Test Items at Each Level of Discrimination 
Level of Discrimination 
-3 
-2 
-1 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
Number of Items at J...evel 
2 
1 
0 
1 
8 
10 
4 
5 
8 
2 
0 
3 
1 
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level of difficulty w2s ? . OD . The ite�s ranged in difficulty from very 
easy t o  very difficult. This is cons idered desirable in orde r that ell 
4 achievement, from the slightest to the highest, might be measure d .  
E leven items were in the 0 . 00 t o  4 . 0 0  level of difficulty rang e .  Eleven 
were in the 5.00 to 9.00 rang e .  Two were in the 20 .00 to 24.00 range . 
The lack of items in the highest difficulty group is responsible for the 
mean difficulty being less than 1�.00 (50 pe rcent) . Stanley indicated 
that HL is often lowered due to guess ing in the low group. 5 Th e  
lowering of '.i/L f o r  an i tern would result in the lowering of the ra ting 
of difficulty (w1 + WH) for that j tem. Thi!:. effect is a probable 
explanation for the mea n  difficulty of the test used in this study being 
below 50 pe rcent . Table 4 indicates the nUlll.ber of test items at each 
level of difficulty.
6 
An item discrimination an2lysis was conducted on the testing 
instrument used in this study. It asce rtained t he discrimination 8nd 
the difficulty of each test item. Sta nley warns of the eff ect of a 
small group on iteru discri�ination and the effect of guessing by 
students in the low group on item difficulty. In consideration of these 
warnings the mean dis crimination level of 3.04 and the mean d ifficulty 
level of 9 .53 f o r  items on the test used in this study appear to be 
sufficient f or the purposes of this experiment. 
4ri. H. Remme rs. N. L. Gage, and J. Francis Rummel, A Practical 
Introduction to Measurement and Education (New York: Harper and 
Drothe rs , 1960), p .  246. 
5stanley, p .  356. 
6Refer to Table 8 in Appendix E for the discrimination and 
difficulty of individual item$ . 
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Table 4 
Number of Test Items at Each Level of Difficulty 
Level of D1:ff1culty Number of Items at Level 
0 1 
1 2 
2 6 
3 1 
4 
5 0 
6 4 
7 3 
8 1 
9 3 
10 2 
1 1  5 
12 1 
13 1 
14 3 
15 5 
16 0 
17 2 
18 2 
19 0 
20 1 
21 1 
3 1  
COEFFICIENT OF RELIABILITY 
Tile reliability of the testing instrument used in this study was 
ascertained by calculating the coefficient of reliability for the test. 
Two methods of determining the coefficient of reliability were used. 
Tile Spearman-Brown modified formula method required the division 
of the test into a subtest of even items and a subtest of odd items . 
The coefficient of correlation showing the relationship between the 
scores on the two subtests was found to be .48. Tilis coefficient of 
correlation was an approximation of the coefficient of reliability of a 
test one-half the length of the test used in the study. The Spearman­
Brown modified formula provided an estimate of .65 for the coefficient 
of reliability of the test based upon the coefficient of correlation 
between the odd and even items. The coefficient of correlation was 
somewhat lower than the coefficient of reliability, since increasing the 
length of a test generally increases its reliability. 
Tile Kuder-Richardson Formula 20 method of obtaining a coefficient 
of reliability utilized the measures of discrimination and difficulty 
obtained from the item discrimination analysis . This method indicated 
a coefficient of reliability of . 63 for the test. The Kuder-Richardson 
Fol'LlJla 20 method usually provides a coefficient of reliability that is 
slightly lower than the split-half method, especially if the difficulty 
of the items contained in the test is not consistent.7 
The reliability of the test used in this study was estimated by 
calculating the coefficient of reliability by two methods. The 
Spearman-Brown modified formula method provided a coefficient of reli-
7 Remmers, Gage, and Rummel, p. 121 . 
ability of .65.  '!be Kuder-Richardson Formula 20 method provided a 
coefficient of· reliability of . 63. A test with a reliability coeffi­
cient as low as .SO is considered useful for research in which group 
performance is being measured.8 On this basis the testing instrument 
used in this study is considered sufficiently reliable. 
8 Remmers, Gage, and Rummel, p. 124. 
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Chapter 5 
S UMMATION 
SUMMARY 
This study was conducted to ascertain the relative effectiveness 
of the traditional and the model method of teaching beginning a rchitec­
tural drafting. The research compared the use of the chalkboard with 
the use of models and attempted to ascertain the relative effe ctiveness 
of each method on achievement and retention. 
The experiment involved forty-two high school boys enrolled in 
two classes of Architectural Drafting I at J. s .  Morton High School 
West, Berwyn, Illinois, during the first semester of the 1970-1971 
school year. The two classes were considered equal on the basis of 
their ave rage scores on aptitude and achievement tests . 
A pretest was given on the first day of the experiment, prior 
to instruction. The same test was given immediately following 
instruction as a test of achievement and two weeks later as a test of 
retention. An analys is of variance was used to dete rmine the s igni­
ficance of the differences in achievement and retention between the 
traditional group and the model group. The t distribution used to test 
the significance of the differences at the .OS level indicated no signi­
ficant difference in achievement or retention between the traditional 
and the model methods. 
On the basis of these findings, it was concluded that the use of 
33 
the chalkboard and the use of models are equally effe ctive methods of 
teaching beginning architectural drafting in terms of achievement and 
retention. 
CONCLUSIONS 
To the extent that generalizations could be derived from 
available data, the follCJ1J ing conclusions were drawn from the 
experiment . 
l .  Instruction in beginning architectural drafting which uses 
the chalkboard as the �ajar instructional aid appears to be just as 
effective in producing achievement as instruction which uses models as 
the major type of visual aid. 
2. Both methods of instruction seem to be equally effective in 
te rms of retention of information and principles in arch itectural 
drafting. 
IMPLICATIONS 
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It would appear from the results of this study that the use of 
models in the teaching of beginning arch itectural drafting has no 
advantage over the traditional method featuring tle use of the chalk­
board, at least in terms of achievement and retention. Tile large amount 
of time involved in constructing models can be a se rious dete rrent to 
their use. Tilere are also serious storage problems involved with many 
of the necessarily large models . Tile employment of models is made 
considerably easier when they can be purchased instead of constructed 
and when there is ade�uate storage space available . When a particular 
drawing must be utilized quite often or when a certain detail is 
difficult to illustrate on the chalkboard, a model may be the better 
alternative for classroom use. 
Since there seems to be no difference in achievement and 
retention produced by the two methods . the choice of which to use may be 
a practical one of time, money, and storage space . It should be noted 
that since only achievement and retention were considered in this study, 
other areas such as student interest and effect on students of low and 
high intelligence should not be eliminated from consideration in 
choosing which type of visual aid to use. 
SUGGESTIONS FOR ADDITIONAL RESEARCH 
The present study has been of a necessarily narrow scope. The 
following are suggestions for additional research in areas associated 
with this study. 
1 .  The chalkboRrd and model methods used in the present study 
could be evaluated as to their effect on achievement and retention of 
students at various intelligence levels and with various abilities. 
There also seems to be a need for research into the effect of the model 
and the chalkboard on student interest. 
2. The review of research and literature for this study 
indicated a definite need for research into the principles of the use of 
both the chalkboard and models. 
3 .  Student comments about the models used in this study suggest 
the possibility of research into the value of having students construct 
their awn models. The effect on achievement and retention might prove 
beneficial, as well as tlie effect on student interest.  
35 
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JURY MEMBERSHIP 
Mrs. Virginia Lam�na, business education instructor, J. 5 .  Morton High 
School West, Berwyn, Illinois . 
Dr. Ming H. Land , Assistant Professor of Industrh�l Arts and Technology, 
E.!\stern Illinois University, Charleston, Illinois. 
Mr. Sonny L. "fanuel, �iversified occupations coordiruitor �nd. former 
architectural drafting instructor, J. S. Morton High School 
West, B�tvyn, Illinois . 
Mr. Jack Rupert, general and machine drafting instructor, J. S. Morton 
High School West, Berwyn, Illinois. 
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General Architectural Drawing. 
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Architectural Drafting 1 is a course designed for the Morton 
Student who has completed one full semester of General Dr?fting . Titis 
course is intended to impart to the student. through the media of 
drawing, the m8ny various aspects of the building trades industry. 
Emphasis will be on the work of the architect and the archite ctural 
draftsman plus the builder. the contractor, and the carpenter .  
A student should complete a workable set of building plans 
during the semester in addition to absorbing the information about house 
details and design. 11\e course will take the architectural student into 
much more depth than General Drafting and in addition prepare him to 
proceed in the next course of Architectural Drafting 2 .  
UNIT 
Foundation Plans 
Framing Plans 
Floor Framing Plans 
TEST ITEMS 
1-16 
17-27 
28-45 
All items will be given at the beginning of the expe riment as a 
pre-test .  The items will be divided into three unit post-tests and 
given twice as post-tests. 1 
1The course outline submitted to the jury is not presented in 
this appendix since it is contained in Appeniix C .  
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TEST 
DIRECTIONS: Block out on the answer sheet the letter which represents 
the best answer for each of the following i terns. 
1 .  The type of foundation normally used in our area for a house with a 
crawl space is the 
(A) column and pier foundation . 
(B) slab foundation. 
(C) stepped foundation . 
(D) T foundation. 
2. The part of a foundation that helps to seal the joint between the 
footer and the foundation wall is the 
3 .  
4 .  
(A) anchor bolt. (c) expansion joint. 
(B) key. (D) reinforcement rod. 
A sill must be at least 8" above grade to 
(A) prevent its decay. (C) insure adequate crawl 
(B) keep the floor above ground space . 
level. (D) None of the above . 
The minimum thickness of a concrete slab for most applications 
nominal 
(A) 2". 
(B) 3" . 
(C) 4 " .  
(D) 611 • 
is a 
S .  A stepped footer could best be used on a 
(A) flat lot. 
(B) hilly lot. 
(C) narrow lot. 
(D) wide lot. 
6 .  The most important reason for using a vapor barrier under the slab 
foundation for a house is to 
(A) 
(B) 
(c) 
(D) 
keep moisture from rising through the slab. 
keep the moisture in the fresh concrete from being absorbed by 
porous fill. 
keep the fill from contaminating the concrete. 
make the concrete easier to finish. 
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7. The type of f oundation that supports by transferring the we ight of 
the building to several points several feet apart is the 
(A) pier and column foundation. 
( 3 ) slab foundation. 
(C) T foundation. 
(D) None of the above . 
8 .  The relationship of tre width of the foundation wall to the width of 
the footer is a minimum of 
(A) 1 to 2 .  
(B) 2 to 1. 
(c) 1 to 1 .  
(D) 2 t o  111. 
9 .  The relat ionship of the width of the foundation wall to the height 
of th e  footer is a minimum of 
(A) 1 to 2 .  
(B) 2 t o  1 .  
(C) 1 to 1 .  
(D) 2 to 1\. 
10 . The most important purpose of using anchor bolts is to connect the 
(A) sill to the foundation wall .  
(B) framework of the building to 
the foundation. 
(C) sill to the slab floor. 
(D) foundation wall to the 
foote r .  
11 .  The actual dimensions o f  a " ?. x 4 " are 
(A)  1 5/8" :x: 3 5/8". 
(B) 1 3/411 x 3 3/4" . 
(C) 1 7/16" :x 3 11/J.S" . 
(D) 2 1/8" x 4 1/8 " .  
1 ? .  The most important reason for butting joists against the girder 
rather than locating them on top of it is to 
(A) provide uniform shrinkage throughout the floor framing. 
(B) save room the girder would take up .  
(C) make a girder pocket unne cessary. 
(D) save time during construction. 
13. If cost were not a factor, which type of T foundation would be best 
to use for a hoPse? 
(A) One piece poured concrete 
(B) Two piece poured concrete 
(C)  Poured footer and a concrete block wall 
(D) Poured footer and a concrete block wall filled with concrete 
14.  Which of the triangles with the following given sides could be used 
to square a corner when laying out a foundation? 
(A) 1-2-3 
(B) 8-9-10 
(C) 15-25-35 
(D) 18-24-30 
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15. If a footer trench is dug too deep, the excess must be filled with 
(A) concrete . 
(B) sand . 
16. The ma.in purpose of an areaway is to 
(A) allow ventilation for a 
basement. 
(B) provide natural lighting. 
(C) firmly packed clay. 
{D) clean grave l .  
(C) allow access to a crawl 
space . 
(D) None of the above . 
l.7. Large skys crapers are made possible by 
(A) s olid-framing . 
(B) bearing-wAll construction. 
(C) post and lintel 
construction. 
(D) skeleton-framing . 
1 8 .  The construction of house wall panels in a factory rathe r than on 
the job s ite is an example of 
(A) prefabrication. 
(B) prefinishing. 
(C) skele ton-framing . 
(D) standardization. 
19. Of the following choices, the one that would be considered a dead 
load is 
(A) furniture. 
(B) people . 
(C) plaster. 
(D) wind . 
20. Which of the following best describes conventional framing? 
(A) Larger pieces closer 
together 
(B) Smaller pieces closer 
together 
(C) Larger pieces farther 
apart 
(D) Smaller pieces farther 
apart 
21 . The use of a double in a door opening is a good example of 
construction designed to prevent problems due �o 
(A ) compression. 
(B ) shear. 
(C) tension. 
(D) torsion. 
22.  The use of large areas of glass today i� made much s impler by the 
use of 
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(A) conventional construction. 
(B) post and beam construction. 
(C) bearing-wall construction. 
(D) post and lintel 
construction. 
23.  Which of the following carries the most total weight in a house? 
(A) Frame walls 
(B) Footer 
(C) Foundation wall 
(D) Sill 
24 . Which of the following best describes post and beam construction? 
(A) 
(B) 
Larger pieces closer 
together 
Smaller pieces closer 
together 
(C) Larger pieces farther 
apart 
(D) S"1aller pieces farther 
apart 
25. Which of the following spacings is most common in conventional 
residential construction? 
(A) 12�� 
(B) 16 
(C) 20" 
(D) 24" 
26. A major disadvant�ge of platform framing is the 
(A) cost. 
(B) effect of lumber shrinkage. 
(C) inconvenience during 
construction . 
(D) need for a heavier 
subfloor. 
27. 11\e use of prefinished materials saves money since 
(A) labor is cheaper in factories than at the job site. 
(B) the prefinished product is better and lasts longer. 
(C) there is less weight to ship. 
{D) None of the above. 
28. Wben the designed length of a column is increased# the required 
diameter or width of the column probably should 
(A ) be increased. 
( n ) not be effected. 
(C) be decreased . 
(D) None of the above . 
29. In conventional floor framing# weight is transferred from the 
subfloor to the foundation wall or girder by means of the 
{A) bridging. 
(B) header . 
(c) joist. 
(D) sill. 
30. 11\e member that carries the end of a cut joist at an opening is a 
(A) beam or girder. 
(B) column. 
(C) header. 
(D) plate. 
3 1 .  In conventional framing a girder or beam can be replaced by a 
(A) column. 
(B) joist. 
(c) pier. 
(D) wall. 
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32. The detail drawing is often used to 
(A) (B) 
(c ) 
(D) 
be sure no mistakes were made on the main drawing. 
show something at a smaller s cale in order that more of its 
surroundings may be shown. 
explain common methods of construction. 
clarify items which might be misinterpreted on the main 
drawings . 
33. The first step in laying out a stair assembly detail is to 
(A) determine the riser height. 
(B) determine the total length of run .  
(C) lay out the distance between the first and se cond floor 
leve l s .  
(D) transfer the stairwell opening dimensions from the floor 
framing plan. 
34. Steel beams are sometimes used instead of wood g irders because of 
the beam' s  
(A) lower cost. 
(B) quicker installation. 
(C) greater rigidity. 
(D) greater resistance to 
torsion. 
35. Plywood is the most popular material for subfloors be cause of its 
(A) low cost. (C) less need for correct 
joist spacing . (B) fast application. 
(D) less need for support. 
36. The authority as to the quality, type, and size of materials, as 
well as to how they may be used, is 
�) 
lB) ii� 
a good architectural drafting textbook. 
the local association of contractors . 
the national building code . 
the local building code . 
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The following figure applies to problems 37-40 . 
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Combined load is 192,000 pounds for the total area, including foundation 
walls . 
37. The weight per square foot for the example is 
38 . 
39. 
(A) 30 lbs . 
(B) 40 lbs. 
The post load area for the 
(A) 75 sq. ft. 
(B) 100 sq. ft. 
The girder load area weight 
(A) 4, 500 lbs. 
(B) 6,,000 lbs. 
example is 
(C ) 80 lbs. 
(D) 160 lbs. 
�C) 150 sq . 
D) 300 sq. 
ft. 
ft. 
for the example is 
(C) 16, 000 lbs. 
(D) 24,000 lbs . 
40 . If 7 columns instead of 3 columns were equally spaced in the 
example, the post load would then be 
(A) 2, 250 lbs . 
(B) 3, 000 lbs . 
(c) s,,ooo lbs . 
(D) 12,000 lbs . 
41.  The minimum distance between a chimney and the surrounding floor 
framing is 
(A) 
(B) 
\..-11 ·.2 • 
1" . 
(c) 
(D) 
11 .... 11 -� . 
2" . 
42. " 2 x 10 " joists spaced 24" apart and with a 40 lb./sq. ft. load 
can span 
(A) 6'-7" . 
(B) 9 '-6". 
(C) 13'-1" . 
(D) 19 '-4" . 
43. To take care of an increased load on a member the 
(A) span between supports supporting the member could be 
increased. 
(B) spacing between members could be decreased. 
(C) material the member is made from could be stronger .  
(D) Any of the above . 
44. Floor framing has the best chance of being constructed as the 
designer intended it to be if the plan used is a(an) 
(A) simplified floor framing plan. 
(B) floor plan showing joist direction. 
(C) floor framing plan showing material thickness. 
(D) abbreviated floor framing plan. 
45. A sandwich panel consists of 
(A) plywood with " 2 x 4's  " in the center. 
(B) steel surrounded by plywood. 
(C) a frame with a double covering on each side. 
(D) a skin and a core . 
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ANSWER KEY 
1 .  D 16. D 31 .  D 
2 .  B 17. D 32. D 
3 .  A 18. A 33. c 
4.  c 19. c 34. c 
S .  B 20 . B 35. B 
6 .  A 21. B 36. D 
7 .  A 22. B 37. D 
8 .  A 23. B 38. c 
9. c 24. c 39. D 
10. B 25. B 40 . D 
11 .  A 26. B 41. D 
12. A 27. A 42. c 
13 .  A 28 . A 43.  c 
14. D 29. c 44. c 
15. A 30 .  c 45. D 
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TEST 
DIRECTIONS: On the answer sheet provided block out the letter which 
represents the best answer for eacb""01 the following items. 
Each item is wo�one point. 
1 .  'Ille type of foundation normally 
used in our area for a house 
with a crawl space is the 
(A) column and pier 
foundation. 
(B) slab foundation. 
(C) stepped foundation. 
(D) T foundation. 
2.  The part of a foundation that 
helps to seal the joint between 
the footing and the foundation 
wall is the 
(A) anchor bolt. 
(B) key. 
(C) expansion joint. 
(D) reinforcement rod. 
3 . The bottom of a sill plate 
should be at least 8" above 
grade to 
(A) 
(B) 
(C) 
(D) 
prevent its decay. 
keep the floor above 
ground level.  
insure adequate crawl 
space . 
None of the above . 
4 .  The minimum thickness of a 
concrete slab for most 
applications in home 
construction is a nominal 
(A) 
(B) 
��� 
2". 
3" . 
4" . 
6" . 
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5 .  A stepped footing could best be 
used on a 
(A) flat lot. 
(B) hilly lot. 
(C) narrow lot. 
(D) wide lot. 
6. The most important reason for 
using a vapor barrier under the 
slab foundation for a house is 
to 
(A) 
( B) 
(c) 
(D) 
keep the moisture from 
rising through the slab. 
keep the moisture in the 
fresh concrete from being 
absorbed by porous fill.  
keep the fill from 
contaminating the 
concrete . 
keep the surrounding 
earth moisture from 
entering the poured 
concrete . 
7. 'Ille type of foundation that 
supports by transferring 
building weight to differing 
points several feet apart is 
the 
(A) 
(B) 
(c) 
pier and column 
foundation. 
slab foundation. 
T foundation. 
(D) None of the above . 
a. Tile relationship of the 
foundation wall width to the 
footing width is a minimum of 
(A) 1 
(B) 2 
(C) 1 
(D) 2 
to 2. 
t o  1 .  
to 1 .  
to 1 1/2. 
9. 'l1le relationship of the 
foundation wall width to the 
footing height is a minimum of 
(A) 1 
(B) 2 
(C) 1 
(D) 2 
to 2.  
to 1 .  
to 1 .  
to 1 1/2. 
10. 'Ibe purpose of using anchor 
bolts is to conne ct the 
(A) 
(B) 
(C) 
(D) 
sill plate to the 
foundation wall. 
building framework to 
the foundation. 
sill plate to the slab 
floor. 
foundation wall to the 
footing . 
1 1 .  'Ibe actual dimensions of a 
2 x 4 until recently were 
12. 
(A ) 1 
(B) 1 
(C) 1 
(D) 2 
5/8" x 3 5/8". 
3/411 x 3 3/4". 
7 /16" x 3 11/16" . 
1/8" x 4 1/8".  
An important reason for 
butting joists against the 
girder rathe r than locating 
them on top of the girder is 
to 
(A) 
(B) 
(C) 
provide uniform 
sh rinkage throughout 
the floor framing . 
use shorter �ci��s. 
make a girder pocket 
unne cessary. 
(D) save time during 
construction. 
13 . If cost were not a factor. 
which type of T foundation 
should be used for a h ouse? 
14. 
One piece poured concrete 
Two piece poured concrete 
Poured footer and a 
concrete block wall 
(D) Poured footer and a 
concrete block wall 
filled with concrete 
Which of the triangles with the 
following given sides could be 
used to square a corner when 
laying out a fo1mdation? 
(A)  1-2-3 
(B) 8-9-10 
(c) 15-25-35 
(D) 18-24-30 
15. If a footing trench is dug too 
deep1 the excess must be filled 
with 
(A) concrete. 
(B) sand. 
(C) firmly packed clay. 
(D ) clean grave l .  
16. The main purpose of an areaway 
is to 
(A) allow ventilation for a 
basement. 
(B) provide natural lighting . 
(C) allow access to a crawl 
space . 
(D) keep the earth away from 
a foundation opening . 
17. Large skyscrapers are made 
possible by 
(A) 
(B) 
(C) 
(D) 
sol id-framing. 
bearing-wall 
construction. 
post and lintel 
construction .  
ske leton-framing . 
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18.  Ille construction of house wall 
panels in a factory rather 
than on the job site is an 
example of 
(A� prefabrication. 
(B prefinishing. 
(C) skeleton-framing. 
(D) standardization. 
19. Of the following choices the 
one that would be considered 
a dead load is 
(A) furniture . 
(B) people . 
(C) plaster. 
(D) wind. 
20 . Which of the following 
describes conventional 
framing? 
(A) Relatively large pieces 
(B) 
close together 
Relatively small pieces 
(C) 
close together 
Relatively large pieces 
(D) 
far apart 
Relatively small pieces 
far apart 
21.  Ille use of double studding 
at door openings is a good 
example of construction 
designed to prevent problems 
due to 
(A) compression. 
(B) shear. 
�C) tension. 
D) torsion. 
22. Ille use of large glass areas 
today is made much simpler by 
the use of 
(A) conventional 
. (B) 
(C) 
(D) 
construction. 
post and beam 
construction. 
bearing-wall 
construction. 
post and linte 1 
construction. 
23. Which of the following carries 
the most total we ight in a 
house? 
(A) 
��� 
(D) 
Frame walls 
Footings 
Foundation walls 
Sill plates 
24. Which of the following 
describes post and beam 
construction? 
(A) Relatively large 
(B) 
close together 
Relatively small 
(C) 
close together 
Relatively large 
(D) 
far apart 
Relatively small 
far apart 
pieces 
pieces 
pieces 
pieces 
25. Which of the following framing 
member spacings is most common 
in conventional residential 
construction? 
(A) 
(B) 
(C) 
(D) 
12" 
16" 
20" 
24" 
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2 6 .  A disadvantage of platform 
framing is the 
(A) 
( B ) 
(c) 
(D) 
cost. 
effect of lumber 
shrinkage . 
inconvenience during 
construction. 
need for a heavier 
subfloor. 
27. '!be use of prefinished 
materials saves money because 
(A) labor is cheaper in 
factories than at the 
(B) 
(C) 
(D) 
job site . 
the pref inished product 
is better and lasts 
longer .  
there is less weight to 
ship. 
None of the above . 
2 8 .  When the des igned length of a 
column is increased, the 
required diameter or width of 
the column probably should 
(A) be increase d .  
(B) not be effected. 
(C) be decreased. 
(D) None of the above . 
29. In conventional floor framing , 
weight is transferred from the 
subfloor to the foundation wall 
or girder by means of the 
(A) 
( B) 
(c) 
(D) 
bridging. 
header. 
joist. 
sill plate . 
30 . '!be framing member that carries 
the end of a cut joist at an 
opening is a 
(A ) beam or girder .  
(B) column. 
(C) header. 
(D) sill plate . 
3 1 .  Jn conventional framing a 
girder or beam can be replaced 
by a 
(A) column. 
(B ) joist. 
(C) pie r .  
(D) wall. 
32. Detail drawings are t•sed to 
(A) 
(B) 
(C) 
(D) 
be sure no mistakes were 
made on the main drawing. 
show construction 
features at a smnller 
scale in order that more 
surrolU\ding area may be 
shown. 
explain common methods of 
construction. 
clarify 1 tems which n.ight 
be misinterpreted on the 
main drawings . 
33. '!be first step in laying out a 
stair assembly detail is to 
(A) 
(B) 
(C) 
determine the riser 
h e ight. 
determine the total 
length of run. 
lay out the distance 
between the first and 
second floor levels . 
(D) transfer the stairwell 
opening dimensions from 
the floor framing . plan. 
34. Steel beams are sometimes used 
instead of wood girders be cause 
of the beam ' s  
(A) lower cost. 
(B) quicker installation. 
(C) greater rigidity. 
(D) greater resistance to 
torsion. 
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35. Plywood is the most popular 
material for subfloors because 
of its 
36. 
(A) 
(B) 
(C) 
(D) 
low cost. 
fast application. 
less need for correct 
joist spacing. 
less need for support. 
Tile authority to be followed 
when determining the quality, 
type, and size of building 
materials, as well as 
construction methods which 
may be used, is 
(A) a good architectural 
drafting textbook. 
(B) the local association of 
contractors . 
(r.) 7.�e �Etional building 
code . 
(D) the local building code. 
37. Tile minimum distance between 
a chimney and the surrounding 
floor framing is 
38. 
(A) 1/2" . 
(B) 1 " .  
(C) 1 1/211 • 
(D) 2" . 
If 2 x 10 floor joists are 
spaced 24" apart and have a 
40 lb./sq. ft. live load, 
they can span a maximum of 
(A) 
(B) 
(c) 
(D) 
6 '-7" . 
9 '-6" . 
13 '-11 1 •  
19'-4u .  
39 . To take care of an increased 
load on a framing member the 
(A) 
(B) 
(C) 
(D) 
span between supports 
carrying the member 
could be increased. 
spacing between members 
could be decreased. 
material used for the 
member could be stronger. 
Any of the above . 
40 . Floor framing is most likely to 
be constructed a� the designer 
intended if the working plans 
used include a 
(A) 
(B) 
(C) 
(D) 
simplified floor framing 
plan. 
floor plan showing joist 
direction. 
floor framing plan 
showing material 
thickness.  
floor framing plan in 
abbreviated form. 
41. A sandwich panel consists of 
(A) 
(B) 
(C) 
(D) 
plywood with 2 x 4's in 
the center. 
steel surrounded by 
plywood. 
a frame with a double 
covering on each side. 
a skin ana a core . 
56 
42. 
43. 
The following figure applies to problems 42-45. 
, 
b 
, I 
I() -
� 
I C) () +' I � 
0 - I ... l � 0 
rt') 
I 
, 
10'- o" � , 
40'- o" , , 
The combined load is 192,000 pounds for the total area, including 
foundation walls. 
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If 
The weight per square foot for 44. The girder load area weight for 
the example is the example is 
(A) 30 lbs . (A � 4,500 lbs . 
�
B) 40 lbs . B 6,000 lbs . 
C) 80 lbs. �c 1s,ooo lbs. 
(D) 160 lbs . D ) 24,000 lbs . 
The post load area for the 45. I f  7 columns instead of 3 
example is columns were equally spaced in 
(A ) 
the example, the post load 
75 sq. ft. would th en be 
(B) 100 sq. ft. 
(C) 150 sq. ft. (A) 2, 250 lbs. 
(D) 300 sq. ft. (B) 3,000 lbs . 
.,., 8, 000 lbs . \L. ( 
(D) 12,000 lbs . 
ANSWER SHEET 
1 .  A 3 c D E ?4. f'. B c D E 
2 .  A B c D E 2 5 .  A B c D E 
3. A B c D E 26. A B c D E 
4 .  A !) c D E 27. A B c D E 
5 .  A B c D E 28. I\ R c D k' u 
6 .  A B c D E 2 9 .  A B c D E 
7.  .A., B c D E 30 . A B c D E 
8 .  • " 8 c D E 31 . A B c D E 
CJ .  A n c D E 32. A '9 c D E 
1 0 .  A D c D E 33. A B c D E 
11 .  A B c D E 34. A B c D E 
1 2 .  A B c D E 35. A B c D E 
1 3 .  A B c D E 3 6 .  A � c D E 
14. A B c D E 3 7 .  J\ B c D E 
1 5 .  A B c D E 38 . A B c D E 
1 6 .  A F.l c D E 3 9 .  A B c D E 
17. A B c D E 40. A D c D E 
18. A D c D E 4 1 .  A B c D E 
19. A B c D E 42. A B c D E 
20 . A B c D E 43. A B c D _ _, 
2 1 .  A B c D E 44 . A B c D E 
22. A B c D E 45. A B c i) E 
23. A B c D E 
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APPENDIX C 
Relationship of Course Outline, Test Items, 
and Models Used in Study 
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Table 5 
Relationship of Course Outline , Test Items, 
and Models Used in Study 
Course Outline Numbers of Test Items 
Pertaining to Area 
of Outline 
Numbers of Models 
Pe rtaining to Area 
of Outline 
FOUNDATION PLANS 
I .  Foundation Members 
A .  Footing 5, 8,  9 1 ,  2 
1 .  Function 
2 .  Materials 
3 .  Depth 
4.  Types 
B .  Foundation 13,  16  1 ,  2, 3 
1 .  Function 
2 .  Materials 
3 .  Basement 
c .  Piers and Columns 7, 28 4, 6, 7, 8, 9 ,  10 
1 .  Function 
2 .  Materials 
D. Anchor Bolt 10 6, 7, 1 1 ,  12 
1 .  Function 
2 .  Location 
E .  Sills 3 4, 1 1  
1 .  Function 
2 .  Materials 
F .  Posts 4, 6 
1 .  Function 
2.  Purpose 
G .  Cripples 7 
H. Girders and Be runs 12, 31 1, 4, 7, 13, 14 
II. Foundation Types 
A .  "T" Foundation 1 ,  8, 9 1 ,  2, 3 
B. Slab Foundation 4 12 
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TRble 5 (continued) 
Course Outline 
c. Pier and Column 
Foundations 
I I I .  Foundation 
Construction 
Method 
L\ .  Layout 
t .  Foundi:ttion 
line 
:? • Footer line 
3 .  Excavation 
line 
4.  6-8-10 methoC. 
B .  Bxc::1.vation� 
1 .  Foundations 
2. B3sements 
c. "T" Foundations 
D. Slab Foundations 
FRAMING PL'\NS 
I .  Principles of 
Framing 
A .  Early Framing 
B .  Current Framing 
II .  Loads 
A •  Dead Loads 
B .  Live Loads 
III . Strength of Materials 
-- Stability of the 
Tlililding 
A .  Tension 
B .  Compression 
�umbers of Test Items 
PertP,ining to Area 
of Outline 
14 
15 
2 
6 
26 
17 
23 
1 9  
Numbers of Models 
Pertaining to Are :::i 
of Outline 
s 
5 , 15 
2, 15 
,., '·• 4, 5, 1 1  
1 2  
16 
1 
17 
17 
18 
18 
Gl 
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Table 5 ( continuea } 
Course Outline Numbers uf Test Items Numbers of Models 
PertPining to AreR Pert� ining to AreA 
of Outline of Outline 
c. Shear 21 18 
D. Torsion 18 
IV. Wood Frruning 
A .  Conventional 
Framing 1 1 ,  20 1 
B. Post and Ee am 
Construction 22, 24 1 9  
v. S tee 1 Framing 
Post and Beam 
Framing 34 10, 1 9  
VI . Prefabrication 
A .  Early Methods t 8  
B .  Prefabrication 
Today 27 20 
FLOOR FRAi"iING PL.J\.NS 
I .  Types 
A.  Conventional 4, 5 
B .  Plank and Beam 
c .  Panelized 41 
I I .  Design Requirem€nts 37, 39 4, 2 1  
I I I .  Deck 
A .  Subfloor 35 4 
B. Finish Floor 4 
IV. Joist 
A .  Loads �g 4 
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Table 5 (continued) 
Course Outline Numbers of Test Items Numbe rs of Models 
Pertaining to Area Pertaining to Area 
of Outline of Outl ine 
B. Spacing 25, 38 4 
c. Codes 36 4 
v. Headers 
A .  Function 30 4 
B. Determining s ize 4 
V I .  Girders and Be ams 
A .  Function 44 1, 4, 5, 1 3  
B .  Determining size 42 1, 4, 5 
VII . Steel Beams 
A .  Function 1, 4, 5, 14 
B. Dete rmining size 1, 4, 5 , 14 
VIII. Columns 
A .  Function 45 1 ,  4, 5, 1 0  
B .  Determining size 43 1, 4, 5, 10 
IX. Plan Representation 
A .  Actual Size 
Method 40 4, 5 
B .  Abbreviated 
Method 4, 5 
x. Details 32 12 
XI . Stair-Well Framing 
-- Procedure for 
Layout 33 22 
APPENDIX D 
Complete Record of Test Scores for Subjects 
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Table 6 
Test Scores for Each Student in Model Group 
Student Composite Pretest First Posttest Second Posttest 
Inde:x: (XEl) <�2) (�3 ) 
1 125 20 37 39 
2 91 19 24 22 
3 114 17 20 20 
4 98 20 2 2  23 
5 1 ] 0  ?0 23 25 
6 ::..12 20 36 37 
7 '- 1 9  21 33 33 
8 107 13 23 23 
9 ES 20 23 23 
10 105 16 24 25 
1 1  l. 0 6  16 23 24 
1 2  1 0 0  14 22 24 
13 107 16 2 1  22 
14 1 14 21 28 30 
15 98 17 23 34 
16 130 22 32 33 
1 7  101 22 22 20 
18 114 18 29 29 
. 19 1.1.6 21 28 30 
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SS 
Table 7 
Test Scores for Each Student in Chalkboard Group 
Student Composite Pretest First Posttest Second Posttest 
Index (XCl) (Xc2) (Xc3) 
1 109 21 33 37 
2 120 1 9  27 28 
3 104 17 24 23 
4 97 20 24 24 
5 1'.1.9 16 19 23 
6 110 19 25 26 
7 116 21 28 28 
8 115 19 28 33 
9 93 21 31 32  
10 109 22 32 33 
11 109 21 33 34 
1� 99 20 24 22 
13 102 1l 20 23 
14 1 12  15  3 1  27 
).5 1.J 3 20 34 29 
16 Hl 17 30 3 1  
1 7  113 21 25 28 
18 1 10 14 19 21 
19 114 18 30 32 
20 123 1 3  32 33 
21 112  21 24 30 
22 107 20 26 22 
23 115 21 25 29 
APPENDIX E 
Item Discrimination 
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Table 8 
Item Discrimination 
Item Rank Order w L WrI WL - WH WL + \.Jii 
10 1 5 8 -3 13 
38 2 6 9 -3 15 
1 2  3 6 8 -2 14 
5 4 0 0 0 0 
6 5 .5  1 0 1 1 
27 5 . 5  1 0 1 1 
32 7 2 1 1 3 
36 8 6 5 l 1 l. 
3 9 .5  8 7 1 15 
40 9 .5  8 7 1 15 
45 11 9 8 1 17 
21 12 11  10 1 21 
7 1.5 . 5  2 0 2 2 
1 1  15.5 2 0 2 2 
13 15.5 2 0 2 2 
17 15.5 2 0 2 2 
18 1.5 . 5 2 0 2 2 
28 15.5 2 0 2 2 
19 19 3 1 2 4 
g 20 . 5  4 2 2 6 
29 20 . 5  4 2 2 6 
39 22 1 1  9 2 20 
1 23.5 7 4 3 11 
25 23.5 7 4 3 11 
2 25 9 6 3 15 
1.6 26 10 7 3 17 
4 27 7 3 4 10 
34 28 .5 9 5 4 14 
44 28.5 9 5 4 14 
37 30 .5  11  7 4 18 
41 30 . 5  1 1  7 4 18 
15 33 6 1 5 7 
42 33 6 1 5 7 
43 33 6 l 5 7 
23 36 7 2 5 9 
30 36 7 2 5 9 
35 36 7 2 5 9 
]4  38.5 8 3 5 1l 
31 38 .5 8 3 5 1 1  
20 40 .5 6 0 6 6 
24 40 .5 6 0 6 6 
8 42 8 0 8 8 
33 43 9 1 8 10 
22 44 10 2 8 12 
26 45 12 3 9 15 
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APPENDIX F 
Description of Models 
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Figure 1 .  Conventional Construction. 
Scale: 1" = 1'- O " .  
Figure 2 .  Footings: Keyed, Monolithic, Stepped, and 
Flared. 
Scale: 2" = 1 ' - O " .  
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Figure 3. Basement Wall Construction. 
Scale: 1 1/2" = 1 ' - O " .  
Figure 4 .  Conventional Floor Framing . 
Scale: 1 1/2" = 1 '- O " .  
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Figure S .  Foundation for Conventional Floor Framing. 
Scale: 1 � /2" = 1 '- O".  
Figure 6 .  Pier and Column Foundation. 
Scale: 3" = 1 ' - D" . 
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Figure 7 .  Cripple Method of Raising Floor Level .  
Scale: 311 = 1'- D " .  
Figure 8 .  Brick and Concrete Block Piers . 
Scales: 311 = 1 ' - O" and 6" = 1 ' - O " .  
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Figure 9 .  Poured Concrete and Wood Piers . 
Scale: 3" = 1 ' - O" . 
Figure 10 . Steel Pipe and Steel I Beam Columns . 
Scale: 1" = 1 ' - O " .  
74 
Figure 11 . Anchor Bolt Section. 
Scale: 6" = 1 '  - O".  
Figure 1 2 .  Two Types of Slab Foundation. 
Scale: 2" = 1 1 - O " .  
75 
Figure 13.  Methods of Joining Joists and Girde r .  
Scale: 9" = 1'- 011 • 
Figure 14 . Method of Joining Joists and I Beam. 
Scale: 9" = 1 ' - O " .  
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Figure 15. Foundation Construction Layout. 
Scale: 1 1/2" = 1 '- O" . 
Figure 16.  Early Framing Methods . 
Scale: 1 1/2" = 1 '- O". 
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Figure 17. House Outline for Determining Loads . 
Scale: 1 1/2" = 1 '- O".  
Figure 18.  Tension, Shear and Compression, and 
Torsion. 
Scale: 3" = 1 1 - O".  
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Figure 1 9 .  Post and Beam Construction. 
Scale: 1 1/2" = 1 ' - O " .  
Figure 20 .  Prehung Door. 
Scale: 2" = 1 ' - O". 
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Figure 21 . Floor Framing Design Factors . 
Scale: 111 = 1 '- O" . 
Figure 22. Stair Framing. 
Scale: 1 1/2" = 1 ' - O" . 
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